It is unknown how much different are the clinical outcomes between asymptomatic and symptomatic patients with severe aortic stenosis (AS). In the CURRENT AS registry enrolling 3,815 consecutive patients with severe AS, we compared the long-term outcomes between 1808 asymptomatic and 1215 symptomatic patients (exertional dyspnea: N = 813, syncope: N = 136, and angina: N = 266) without heart failure (HF) hospitalization. Symptomatic patients had greater AS severity, and more depressed left ventricular function than asymptomatic patients without much difference in other baseline characteristics. During a median follow-up of 3.2 years, aortic valve replacement (AVR) was performed in 62% of symptomatic patients, and 38% of asymptomatic patients. The cumulative 5-year incidences for the primary outcome measure (a composite of aortic valve-related death or HF hospitalization) was higher in symptomatic patients than in asymptomatic patients (32.3% versus 27.6%, P < 0.001). After adjusting for AVR and other variables, the greater risk of symptomatic relative to asymptomatic patients for the primary outcome measure was significant (hazard ratio 1.64, 95% confidence interval 1.41-1.96, P < 0.001). In conclusions, the excess risk of symptomatic relative to asymptomatic patients with severe AS for the aortic valve-related event was significant. However, the prevalence of AVR in symptomatic patients was not optimal.
Aortic stenosis (AS) is one of the most common valvular heart diseases in the developed countries and its prevalence is increasing in the aging societies [1] [2] [3] . Ross and Braunwald reported that the average survival durations of patients with AS after development of symptoms such as angina, syncope, and dyspnea were only 5, 3 and 2 years, respectively 4 . Poor clinical outcomes for conservatively managed patients with symptomatic severe AS have been confirmed [5] [6] [7] [8] [9] . Therefore, the current guidelines recommend aortic valve replacement (AVR) for patients with symptomatic severe AS, while the watchful waiting strategy for AVR until symptoms emerge is recommended in patients with asymptomatic severe AS based on the good prognosis of AS patients while they are asymptomatic 10, 11 . However, severity of symptoms varies widely in patients with symptomatic severe AS. Prognosis of severe AS patients complicated with acute heart failure (AHF) has been reported to be very poor both in patients undergoing AVR and in patients managed conservatively, while there was no previous study evaluating how much different are the clinical outcomes between asymptomatic and symptomatic patients with severe AS 12 . The comparison between symptomatic and asymptomatic patients with severe AS would be important, because the watchful waiting strategy is actually waiting for the emergence of symptoms to safely provide the opportunity for elective AVR. Therefore, we sought to compare the baseline clinical and echocardiographic characteristics as well as the long-term clinical outcomes between asymptomatic and symptomatic patients excluding those patients with AHF at baseline in a large Japanese observational database of patients with severe AS.
Methods
Study population. The study design, methodologies, and outcomes from the CURRENT AS (Contemporary outcomes after sURgery and medical tREatmeNT in patients with severe Aortic Stenosis) registry have been described previously [13] [14] [15] [16] [17] [18] [19] [20] . Briefly, the CURRENT AS registry is a retrospective, multicenter registry that enrolled 3815 consecutive patients with severe AS among 27 centers in Japan between January 2003 and December 2011. We searched the hospital database of transthoracic echocardiography, and enrolled consecutive patients who met the definition of severe AS (peak aortic jet velocity [Vmax] > 4.0 m/s, mean aortic pressure gradient [PG] > 40 mm Hg, or aortic valve area [AVA] < 1.0 cm 2 ) for the first time during the study period 10, 11 . All the Institutional Review Boards approved the protocol. Written informed consent was waived because of the retrospective nature of this study, and no patients refused to participate in the study when contacted for follow-up.
The symptoms related to AS at enrollment were classified into angina, syncope, and heart failure (HF) including AHF requiring hospitalization and chronic exertional dyspnea. Patients who had multiple types of symptoms were classified in one symptom category in the following priority order (AHF hospitalization > exertional dyspnea > syncope > angina (Fig. 1) . Follow-up was commenced on the day of index echocardiography, unless specified otherwise.
Definitions of outcome measures. The primary outcome measure in the present analysis was a composite of aortic valve-related death or HF hospitalization. Other outcome measures included all-cause death, cardiovascular death, aortic valve-related death, aortic valve procedure death, sudden death, non-cardiovascular death and HF hospitalization, which were defined in line with the Valve Academic Research Consortium (VARC) -2 criteria. The causes of death were also classified according to the VARC-2 definitions 21, 22 . The outcome measures and causes of death were adjudicated by a clinical event committee. HF hospitalization was defined as hospitalization due to worsening HF requiring intravenous drug therapy. Sudden death was defined as unexplained death in previously stable patients. Other definitions of clinical events have been described previously 13 . Statistical analysis. Categorical variables are presented as numbers and percentages, and were compared using the chi-squared test or Fisher's exact test. Continuous variables were expressed as the mean ± SD or median with the interquartile range (IQR). Based on their distributions, continuous variables were compared using the Student's t-test or Wilcoxon's rank sum test. Inter-group comparisons according to various symptoms were performed using one-way ANOVA followed by the Tukey post hoc test or the Kruskal-Wallis test followed by the Steel-Dwass post hoc test for continuous variables and Bonferroni post hoc test for categorical variables. The cumulative incidences of events were estimated by the Kaplan-Meier method and the differences were assessed with the log-rank test. The risks of the symptomatic group relative to the asymptomatic group for the clinical outcome measures were assessed by the multivariable Cox proportional hazard models incorporating the initial AVR strategy and 18 clinically relevant covariates listed in Table 1 (age, sex, body mass index, hypertension, current smoking, diabetes on insulin, coronary artery disease, prior myocardial infarction, prior symptomatic stroke, aorta/peripheral artery disease, serum creatinine, hemodialysis, anemia, liver cirrhosis, malignancy currently under treatment, chronic lung disease, any valvular disease, and AS severity) as the risk-adjusting variables. The results were expressed as hazard ratios (HR) and their 95% confidence intervals (CI). The center was incorporated as the stratification variable. Consistent with our previous findings, continuous variables other than age were dichotomized by median values or clinically meaningful reference values. We used the same Kaplan-Meier method and Cox proportional hazard model to assess the risks for the clinical outcome measures according to the types of symptoms using the patients with angina as the reference. All statistical analyses were performed with the statistical software R 3. Institute Inc., Cary, North Carolina). All reported P values were 2-tailed, and P values < 0.05 were considered significant.
Results
Baseline clinical characteristics. The baseline clinical characteristics were not so much different between symptomatic and asymptomatic patients, except for the significantly higher prevalence of coronary artery disease (CAD), atrial fibrillation/flutter, anemia, and liver cirrhosis, and the lower prevalence of prior percutaneous coronary intervention (PCI), aortic/peripheral disease and malignancy in symptomatic patients than in asymptomatic patients. Society of Thoracic Surgeons (STS) score and Logistic EuroSCORE were not different between the 2 groups, although EuroSCORE II was slightly but significantly higher in symptomatic patients than in asymptomatic patients (Table 1) .
According to the types of symptoms, patients with angina had a higher prevalence of dyslipidemia, diabetes mellitus, CAD and prior PCI, as well as larger body surface area, while they had a lower prevalence of atrial fibrillation and chronic lung disease, as well as lower serum creatinine level and surgical risk scores than patients with exertional dyspnea. The baseline characteristics were generally similar between patients with angina and patients with syncope, except for the higher prevalence of diabetes mellitus, and CAD in the former (Supplementary Table 1 ).
Baseline echocardiographic characteristics. Echocardiographic severity of AS, as evaluated by Vmax, mean aortic PG, and AVA, was greater in symptomatic patients than in asymptomatic patients. Symptomatic patients had lower left ventricular ejection fraction (LVEF), larger left ventricular dimensions, and greater left ventricular wall thickness than asymptomatic patients. The prevalence of combined valvular disease and estimated pressure gradient across the tricuspid valve were significantly higher in symptomatic patients than in asymptomatic patients (Table 1) .
Patients with exertional dyspnea had smaller AVA, lower LVEF, larger left ventricular dimensions, higher estimated pressure gradient across the tricuspid valve, and higher prevalence of combined valvular disease than patients with angina. The echocardiographic parameters were generally similar between patients with angina and patients with syncope. (Supplementary Table 1 Table 2 ). The cumulative incidence of the primary outcome measure (a composite of aortic valve-related death or HF hospitalization) was modestly but significantly higher in symptomatic patients than in asymptomatic patients (32.3% versus 27.6%, P < 0.001) (Fig. 3 and Table 2 ). However, the cumulative incidences of all-cause death, aortic valve-related death, and sudden death in asymptomatic patients remained high and not different from those in symptomatic patients (Table 2) .
In the adjusted analysis, the excess risk of symptomatic patients relative to the asymptomatic patients for the primary outcome measure remained significant (HR 1.64, 95% CI; 1.41-1.96, P < 0.001) ( Table 2) . Also, the excess adjusted risks of symptomatic patients relative to asymptomatic patients were significant for all-cause death, cardiovascular death, aortic valve-related death and HF hospitalization ( Table 2) .
Clinical outcomes for each symptoms. AVR or TAVI was less frequently performed in patients with exertional dyspnea than in patients with syncope and angina (Supplementary Table 3 ). The crude cumulative 5-year incidence of the primary outcome measure in patients with exertional dyspnea, syncope and angina was 37.6%, 25.8% and 19.4%, respectively (Supplementary Figure) . In the adjusted analysis, patients with exertional dyspnea had significantly higher risk for the primary outcome measure (HR 1.75, 95% CI; 1.23-2.47, P = 0.002) than patients with angina (Supplementary Table 3 ). The risk for the primary outcome measure was not different between patients with syncope and patients with angina (HR 1.44, 95% CI; 0.89-2.35, P = 0.14) (Supplementary Table 3 ). 
Discussion
The main findings of the present study were the followings; (1) Symptomatic patients with severe AS had greater echocardiographic severity of AS, and more depressed left ventricular function than asymptomatic patients with severe AS without much difference in other baseline clinical characteristics and surgical risk scores; (2) Nearly 40% of the symptomatic patients did not receive AVR despite the presence of symptoms, while nearly 40% of the asymptomatic patients underwent AVR during 5-year follow-up; (3) Even after excluding those patients with AHF at baseline, the excess risk of symptomatic patients relative to asymptomatic patients for the aortic valve related events (a composite of aortic valve-related death or HF hospitalization) was significant with or without multivariable adjustment for AVR and other risk-adjusting variables; (4) Crude cumulative 5-year incidences of aortic valve-related death, and sudden death in asymptomatic patients remained high and similar to those in symptomatic patients. Patients with severe AS is becoming markedly older and having multiple comorbidities, as the etiology of AS has changed from rheumatic disease to calcified degeneration. In the present study, the baseline clinical characteristics and surgical risk scores were almost comparable between asymptomatic and symptomatic patients with severe AS, although there was a slight but significant excess of CAD, atrial fibrillation and anemia in symptomatic patients. On the other hands, symptomatic patients had greater echocardiographic severity of aortic stenosis, and more depressed left ventricular function than asymptomatic patients, although Park et al. reported that there was no difference in Vmax, mean aortic PG and AVA between symptomatic and asymptomatic patients with severe AS 23 . The difference between the 2 studies might be related to the small number of patients in their study as well as the exclusion of patients with AHF in our study. Furthermore, patients presenting with exertional dyspnea had more depressed left ventricular function as indicated by left ventricular dilation and reduced ejection fraction than patients presenting with syncope or angina.
Even after excluding those patients with AHF at baseline, the excess risk of symptomatic patients relative to asymptomatic patients for the aortic valve related events was significant with or without multivariable adjustment for AVR and other risk-adjusting variables. One of the reasons for the poor prognosis of symptomatic patients might be related to greater AS severity and more depressed left ventricular function in symptomatic patients. Indeed, we have recently reported that the long-term outcomes of symptomatic patients with severe AS were worse than those of asymptomatic patients when managed with initial AVR strategy 16 . Therefore, the watchful waiting strategy might be associated with poorer prognosis than early AVR strategy, even if elective AVR could be performed after watchful waiting. Another reason would be related to the relatively low rate of AVR in symptomatic patients, which is consistent with several previous reports 8, 24, 25 . Therefore, we should further promote implementation of AVR for symptomatic patients to improve their long-term outcomes, desirably before incurring irreversible myocardial fibrosis. TAVI might have already changed the landscape in the treatment of symptomatic AS patients with high or prohibitive surgical risk 9, 26 . Table 2 . Clinical outcomes: Symptomatic versus Asymptomatic patients. The number of patients with event was counted through the entire follow-up period, while the cumulative 5-year incidence was truncated at 5-year. Any death during hospitalization for AVR or TAVI was regarded as aortic procedure-related death. Aortic valve-related death included aortic procedure-related death, sudden death, and death due to HF. HF hospitalization was defined as hospitalization due to worsening HF requiring intravenous drug therapy. Riskadjusting variables: Initial AVR strategy and 18 clinically relevant risk-adjusting variables: age, sex, body mass index, hypertension, current smoking, diabetes on insulin, coronary artery disease, prior myocardial infarction, prior symptomatic stroke, aorta/peripheral artery disease, serum creatinine, hemodialysis, anemia, liver cirrhosis, malignancy currently under treatment, chronic lung disease, any valvular disease, and AS severity. AS = aortic stenosis; AVR = aortic valve replacement; CI = confidence interval; HF = heart failure; HR = hazard ratio; N/A = not assessed; TAVI = transcatheter aortic valve implantation. In the present study, asymptomatic patients with severe AS had lower risk for AS-related events than symptomatic patients with AVR performed in 38% of patients during follow-up. However, crude cumulative 5-year incidences of aortic valve-related death, and sudden death in asymptomatic patients remained high and similar to those in symptomatic patients. Therefore, the long-term clinical outcomes of asymptomatic patients with severe AS look far from acceptable. Regarding the symptoms related to AS, some severe AS patients with a decrease in daily living activity may not have recognizable symptoms. Thus, physicians may underestimate the presence of symptoms in severe AS patients. Our previous report suggested that the initial AVR strategy might improve the clinical outcomes in asymptomatic patients with severe AS 13 . The risk of serious AS-related events may be low in truly asymptomatic patients with a normal exercise stress test 27 . We could not exclude the possibility of ascertainment bias for symptoms related to AS at baseline, although we thoroughly reviewed all patient charts and referred to the hospital database to evaluate symptomatic status. It could be possible that a symptomatic patient might have been included in the asymptomatic group, because exercise test was rarely performed to ensure that patients were truly asymptomatic. There might be patients who just could not physically exert themselves due to symptomatic AS but was labeled as "asymptomatic AS". These patients might have contributed to the higher incidence of bad clinical outcomes in the asymptomatic AS group. However, the availability of objective echocardiographic parameters may be useful for identifying subjects at a higher risk of adverse events among asymptomatic patients with severe AS 19, 28 . There are several limitations in the present study. First, we were unable to exclude the possibility of ascertainment bias for symptoms related to AS at baseline and decisions for the initial AVR strategy were not uniform because of the retrospective nature of this study. Second, care is needed regarding the interpretation of adjusted results. We did not include left ventricular function, pulmonary hypertension, or atrial fibrillation as the risk-adjusting variables in the multivariable Cox model, because these factors are related to the evolution of symptoms. Third, the possible imprecision of assessing AVA by echocardiography with the overestimation of AS severity in some patients might represent a potential concern. Finally, most of this study period was the era before TAVI introduction in Japan. Therefore, TAVI could not be performed in high-risk patients.
Conclusions
The excess risk of symptomatic relative to asymptomatic patients with severe AS for the aortic valve-related event was significant. However, the prevalence of AVR in symptomatic patients was not optimal, and the long-term aortic valve-related event rate in asymptomatic patients remained unacceptably high.
